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(TEMMS) Chamber for Large System RF Effects RDT&E.
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Diane Kempf
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301-342-3582, DSN 342-3582

Mike Hatfield _
US Navy, NSWCDD, EM Effects Division, Code J52
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540-653-3451, DSN 249-3451

Introduction.

With the continued proliferation of emitters
on the modern battlefield, the need for high intensity
Radio Frequency (RF) effects Research, Development,
Test, and Evaluation (RDT&E) is increasing. As RF
strength parameters increase, hazards to mission
systems and test personnel will increase. Many tools
are available today to assess system performance in
harsh or hostile RF environments. To support RF
Effects testing, DOD has developed numerous
Electromagnetic Environmental Effects (E’) and
Electronic Warfare (EW) simulators and RDT&E
facilities. This paper discusses the combination of a
reverberation (mode-stir) chamber, a popular
subsystem test tool, with a  Transverse
Electromagnetic (TEM) cell, as a large-scale system
level evaluation capability. In order to perform
RDT&E on large complex weapons systems, this
capability will be integrated into an existing Installed
System Test Facility. This facility will permit
comprehensive evaluations of system safety and
survivability to extreme RF environments in a fast,
efficient, controlled manner, using open and closed
loop test technologies.

Reverberation Chambers.

The present DOD E® and EW facilities that
support high-power RF RDT&E include designated
outdoor test ranges, anechoic chambers, TEM cells,
and reverberation (mode-stir) chambers. Generally,
in DoD, the first two types of facilities support large
weapon system testing and the latter two support
component and small systems or subsystems testing.

High Power RF illumination of large weapon
systems using preset RDT&E techniques is difficult,
expensive, and limited. The reverberation chamber
provides 360° , 3-axis coverage of the test object at all
aspect angles and polarizations (Figure 1).

Eddie Meadows*
US Army, STRICOM, PM-ITTS
Orlando, FL 32826
407-384-5267, DSN 970-5267

CLEARED FOR

FredVAVAL AIR SYSTEMS COMMAND

US Army, AMSAMINRGRMATION ONLY
Redstone Arsenal, AL 35898
256-313-4886, DSN 897-4886 /

PUBLIC AFFAIRS OFF
NAVAL AIR SYSTEMS COh,d(I)fAND

Figure 1. Description of a Reverberation Chamber.

Reverberation chambers are frequently compared to
“microwave ovens”. The analogy stems from the fact
that both “stir” frequencies to uniformly radiate the
chamber volume. Reverberation chambers typically
have an effective range from a few hundred
Megahertz to the 10’s of Gigahertz, with a power
efficiency that allows relatively small RF sources to
develop very intense field strengths within the
chamber. At the lower frequencies, when
reverberation chambers become ineffective the
chamber’s frequency range can be extended even
lower by transitioning it into a TEM cell. Presently, at
the higher power RF levels, large systems must be
tested at one aspect angle, frequency and polarization
at a time (Figure 2). This spot illumination is
becoming inadequate or inefficient in many test
operations. Figure 3 illustrates this fact very
effectively. As shown on this graph, the efficiency of
mode-stir  over  spot-illumination  increases
considerably as the frequency increases. The TEMMS
efficiency advantage still holds at lower frequencies.
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Figure 2. Comparison of RF Illumination Techniques.

Over the past ten years, technology advances
and the need to increase the effectiveness and
efficiency of high-power RF testing have driven the
need for reverberation chambers as a test tool for
larger systems. The Naval Surface Warfare Center,
(NSWC) in partnership with the National Institute of
Standards and Technology (NIST), has been actively
involved in developing reverberation chamber theory
and techniques. As a result of the NSWC and NIST
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Figure 3. Efficiency of Mode-Stir vs. Spot Nlumination

efforts, reverberation chamber techniques have been
incorporated into commercial standards used for
certifying commercial aircraft avionics. The
Australian Military, after consulting with NSWC and
NIST constructed a reverberation chamber large
enough (20.7 m x 10.9 m x 6.1 m) to evaluate a small,
fighter-sized aircraft. In addition, NASA Langley
Research Center, working with NIST and NSWC, has
deployed a facility capable of assessing fuselage
sections of commuter sized aircraft. Additionally,
there has been significant proliferation in smaller
reverberation chambers for RF testing. Reverberation
chambers are becoming a standard test technique in
commercial RF and DOD immunity testing. General
Motors Corp. has imposed the requirement on all of
its electronic suppliers to use only reverberation
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chamber techniques for testing at frequencies above
400 MHz.

Joint Army-Navy Transverse Electromagnetic /
Mode-Stir (TEMMS) Reverberation Facility.

The DOD Central T&E Improvement
Program (CTEIP) has been considering reverberation

chambers for some time. The Army' established a

requirement' and proposal® for a large Transverse
Electromagnetic/Reverberation (TEM/REV) facility
in 1992. The Air Force® and the Navy* supported this
need. Although the project reached the 65% design
stage, it did not advance to the final construction
phase. The Army’s PM-ITTS of STRICOM and the
NAWCAD are now jointly sponsoring a derivative of
this Army proposal. The proposed large Transverse
Electromagnetic/Mode-Stir (TEMMS) Chamber’, is
based on the original Army’s TEM/REV proposal in
order to capitalize on the earlier effort.

The TEMMS  will have several
improvements over the initial TEM/REV project. The
Naval Air Warfare Center Aircraft Division
(NAWCAD), Patuxent River, MD, a DOD Major
Range and Test Facility Base (MRTFB) has been
proposed as the location for the following reasons:
NAWCAD has a MOA with TECOM, Aberdeen
Proving Grounds to support testing. Army and Navy
E® Aviation RDT&E is routinely conducted at
Patuxent River. NAWCAD has a large, modern and
diverse RF RDT&E support complex to support
TEMMS: This includes a small Anechoic Chamber, a

large shielded hangar, and an outdoor test pad which-

support E* and EW RDT&E. A new, larger Anechoic
Chamber will be available May, 1999. NAWCAD has
a very large and complex Installed Systems Test
Facility, incorporating a Manned Flight Simulator
and a DOD high power computing center for high
level modeling and simulation (Figure 4). The large
in-place E3 and EW RDT&E simulation, stimulation,

|a Wufare Man-inthe-Loop g3 Herdwerednthe-  gEF Installed
Simulation Loop Btin Y

Simulation

Figure 4. TEMMS Interfaces to ACETEF
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measurement, modeling and analysis capabilities will
reduce TEMMS long-term investment requirements,
while increasing effectiveness. All TEMMS related
facilities are co-located within the same complex.
Integrating TEMMS into an Installed System Test
Facility ISTF).

The TEMMS would provide a large 127'x
113°’x  50° shielded chamber and supporting
equipment to illuminate full scale weapon systems
such as tanks, vehicles, C'I elements, helicopters, and
aircraft up to the size of a Navy P-3 aircraft. This
capability can support special access classified
projects up to the Top Secret security level. The
controlled electromagnetic ‘environment is provided
over the frequency range of 10 kHz to 40 GHz. The
average electromagnetic field levels will range from
10V/m to 400 V/m with peak field to 80,000 V/m.
Interfaces to data acquisition and data processing,
man-in-the-loop test/simulation capabilities,
databases, and the Air Combat Environment T&E
Facility (ACETEF) will be available (Figure 5). Also,
an interface with MIL-STD-1553 MUX Bus for the
control of aircraft/weapons systems will be used to
simulate mission profiles and to exercise specific
systems.  This capability will provide uniform
illumination of full-scale aircraft by using mode-tuned
and/or mode-stirred techniques. TEMMS technology
is unique, and will provide DOD with a capability to
test to high power levels while minimizing test setup
time and rotation of the test aircraft or illumination
source. This shielded volume will also be used as a
TEM cell to test to high powers at the lower end of
the frequency range. The TEMMS facility” will be
unique and will provide all three services and other
DOD agencies with a one-of-a-kind test capability.
Such a facility would complement present high power
test capabilities and support a wide range of weapon
systems ranging from tanks, mobile vehicles,
transportable C'I systems, helicopters, to tactical
h The TEMMS will support a variety of
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Figure 5. Cnld Location of AWCAD.
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Figure 6. Chamber Uncertainty Comparison Anechoic

vs. Reverberation Testing.

electronic attack and defense technologies; RDT&E of

the effects of E*, RF Weapons, and EW environments
will be the mainstay of this chamber. Enlarging the
chamber to accommodate strategic aircraft is also
under consideration.

TEMMS Impacts, Limitations and Issues.

If TEMMS is not deployed, RF testing will
become less effective as the threats and operational
requirements continue to grow. Specific high-risk
impacts to the acquisition process include large test
result uncertainties, extended test periods,
unavailability —of test facilities, undetected
susceptibilities and vulnerabilities, and the fielding of
inadequately tested systems. Uncertainty in test
results, (i.e. statistical deviations from expected values
in test results), are of great concern to testers. Figure
6 shows a comparison of uncertainty (dB) in the well-
established anechoic chamber to the reverberation
chamber. Without going into detail, this plot shows
the cumulative probability (i.e. the probability of
obtaining an uncertainty/deviation less than the
expected value) as a function of uncertainty. For
uncertainty values below —8dB, the reverberation
chamber sharply outperforms the anechoic chamber.
For uncertainty values above —8dB, the difference in
the chances of obtaining these values is less than 7%,
but in favor of the anechoic chamber. However, the
chance of getting an uncertainty of less than —14dB is
effectively zero for the TEMMS, but can be as high as
60% for the anechoic chamber.

The way to reduce uncertainty is to increase
the number of samples (i.e. increase the amount of
testing). As expensive as testing is, increasing it to
reduce uncertainty is unacceptable. Consequently,
when compared to anechoic chambers, the TEMMS is
able ability to significantly reduce uncertainty, in a
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shorter test period, thus highlighting its benefits.
These issues will be compounded by the costs needed
to increase the capabilities of our present test
capabilities as new threats and requirements are
identified.

Although considered an excellent RF test
tool, the TEMMS does not replace existing
capabilities, but rather augments them. TEMMS is an
excellent engineering tool for demonstrating
resistance to RF interference. TEMMS will screen
systems for problems and identify potential
susceptibilities and vulnerabilities. After a weakness
is identified it will be necessary to perform classic RF
testing to determine whether the actual susceptibility
will occur during operational scenarios. Due to the
reflective nature of TEMMS, not all modulations and
waveforms may be adequately simulated as a test
environment. Because TEMMS is an Installed System
Test Facility; all equipment can be operated through
externally provided conditioned power and
hydraulics, except the engines.

The state-of-the-art technology for large-
scale reverberation chambers is low risk. The large
(180’ x 180’ x 60’) anechoic chamber at Patuxent
River was evaluated as a reverberation chamber prior
to installation of the absorber material. Although the
chamber was slightly larger than the proposed
reverberation chamber and was not designed to be a
reverberation chamber and, as constructed, would not
make a suitable reverberation chamber, it did yield
results consistent with reverberation chamber theory.
(Figure 7).

One of the most difficult and expensive
aspects of developing a new facility like the TEMMS,
is to integrate it into the Man-in-the-loop architecture.
Fortunately, this architecture is already in place and
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Figure 7. Measured vs. Theoretical Distribution of

Fields in Large Shielded Enclosure.

requires little additional modification to support
reverberation chamber testing. The knowledge base for
reverberation chambers has progressed beyond “Does it
work?” and is now concerned with ‘How do we
optimize its use?”. Large, reverberation test chambers
are presently in use in the automotive industry, several
others are in progress or being planned, and smaller
chambers are proliferating as a mainstay in component
and subsystem E° testing. Statistically based
reverberation chamber test techniques have become a
useful tool in support of EMC testing of large aircraft.
The Army design effort addressed and solved most of
the equipment and basic application issues. SBIR’s
and ongoing development at NAWCAD and NSWC,
Dahlgren, VA continue to address how to increase
reverberation chamber applications and maximize
efficiencies.

Conclusions.

The TEMMS facility will effectively address
the key E>, RF Weapons and EW RDT&E issues. This
will benefit the DoD in several ways: reduced test cost,
increased personnel safety, significantly less hazards to
other equipment/aircraft, less aircraft test time, more
thorough tests, more realistic tests, reduced manpower,
flexible test scheduling, secure tests, all weather test
capability, reduced training for facility operators, and
high quality tests. All of these payoffs come about
because the facility provides efficient, 360° , 3-axis
environments, is fully automated, is indoors, and, uses
state-of-the-art equipment, test technology, and
methods.

Failure to develop this capability will result in
the following: inability to test aircraft to full threat
environments; inability to test aircraft vulnerability to
high power microwave weapons; and increased risk in
adequately assessing aircraft system responses to
electromagnetic ~ environments. Not  developing
TEMMS will impact the aircraft weapon system
development RDT&E process and leave many potential
RF susceptibilities and vulnerabilities unidentified
prior to operational deployment.

At present there are no other facilities within
DoD that come close to providing the range of test
capabilities required. All services are facing the same
future of increasing operational RF environments; new
advanced weapon threats, the increased use of
composites,  microelectronics, and  commercial
equipment; and emerging test requirements such as
those imposed by the new Federal Aviation Regulation
Rules. Starting the proposed program now will
provide the appropriate MRTFB facility that can be
used by all services and other government agencies in
meeting their E? test requirements.




References
1. Requirements Document for Transverse
Electromagnetic Reverberation (TEM/REV) Test Facility,
April 1992.

2. Letter, Department of The Army, Office of the Program
Executive Officer, Aviation, subject: Proposed Construction
of a Transverse Electromagnetic / Reverberation Chamber,

21 March 1991.

3. Letter, Department of The Air Force, DCS Test and
Resources, subject: Transverse Electromagnetic /
Reverberating (TEM/REV) Chamber, dated 12 June 1991.

4. Personal Letter to MG George Akin, U.S. Army Test
and Evaluation Command from: Commander Naval Air Test

Center supporting TEM/REV Chamber, dated 19 April 1991.

5. DOD Central T&E Investment Program (CTEIP),
Transverse Electromagnetic / Mode-Stir Facility (TEMMS),

Navy Solution 1242, updated, 2 June 1997




o pL

GNYWINOD SWILSAS HIV VAVN | éeée
301340 SHIv44v Onend nwesyusseidupey] SE,,
44 g L/ _
| mononme S1eQ eseojey
04 GIHVATO ol|qnd Joj parosddy
898¢-Zv¢ (10¢€)
Z¢'L’'}L'G 9poId

Jaizeld "r [9nweg

Auoed SWAIL paLIps m_oo)_z

3
TR

L92S-v8¢ (L0v)
SL1l1IFINd
SMOpe3|\ alpp3




1dd swwapwes\juasasdyuiwpey:| 66/L2/V

Ajoe ojeoas (In4 Joj pajedwo) ubiseq % G9 -
ABojouyoa] pajeplieA Yolypa Jjing odAjojold 8eds OL/) e
| | | mom_n_-c_-EmEa_:_Um_
Se eonyoenH 14 1e peaT punolig mc_>8n_ o_co.bom_m_\>§< o
| SwolsAg
uoielny Awly 1se] 0} 68/8861 Ul pajeniu| weiboid
laquiey) uonelaglanay oljoubewol)os|g aSIaAsuBL]

aNNO¥ONOVE




1dd swwapwesyuasasdyuiwipey:f 66/L2IV

€661 Ul pajiy/pelg weibold
spuny/jenoidde

VOIN Papasu Uc_m oddng 9o1A18G-11 | 1507 welbold -
19Ny Xed e pesodoid Jequieyd o_.o:omc<

abie pue Ajjioe ATH/NTL dU} ussmiaq uoIsnjuo) -«

2oe|d-ui-juawdinb3, jou paulwlialap Aljioe .

(u0D) ANNOUDMOVE




1dd’swwspwesyjuasaldyuipey:f 66/.2IY

JOAIY Xed 1e
pejepljosuo) 391 uoleiny €3 AeN/Auly
|0JJUOD
21U0J103|T YUM WISAG jequon maN Aleng .

19p1j0g XX 92104 ‘uoiuasu| ABojouyos |

'dl ¥equioD ‘playseg sy} Jo co:mN_H_m_D - SJojjlWS

Auew yum pejedyul pjeyspieq ainng «

¢{ONINTAAVH S.LVHM




1dd swwspwesyuasaldyuiwpey:|

66/L2/Y




jdd swwspwesyuasaidyujwpey:|
R . seelew




ydd swwspwesyuasaidiuiwpey:|

9661 Ul Bunse ] yeiolly 10}

lequieyd pallils SpolN 10} co::_om\mvmmz pepiwgns AneN
saljjigeden Aiejuswidwon yjm pajeso-0)

pue dooT-ay | -uj-ue 10} Ajliqede) ayy eAey pinoys

| mEmEceScm

¢3 a9y} ul swalsAg suodesp) abae ainin} Jo asuewlopad

66/L2/v

S} 9)en|ens ueo jey) Jaquieyn obie e 10} P9ON B [|1S .

¢1VHM OS




1dd swwapwesyuasaidyujwpey:{ 66/L2/V

S|00] 19 ¢J JO [enus}od
UIMoJ9) pue AJlepld 18] ‘SSausAloalg 1S0) ‘9|npayos

sjuswialinses|y
pejwi] sepinold Bunsse] <3 weisAsiajul jussald

9SEaIOU| JUBWIUOIIAUT
JlelanQ a8y puy juswdinb3 JeyjO ‘jouuosiad 1s9 1
0] spiezeH ‘esealou| sjuswalinbay yibuans piei4 INJ sV

pa)iwi pue ‘eAlsuadx3 ‘Ynoiyiqg s| senbiuyos| jussaid
Buisn swa)sAg uodeapp abieT Jo uoneuiwn||| Jamod ybiH -

S:ANSSI 381




ydd swwepwesyuasasdyuiwpey:[ 66/L2/Y

ALINIOVd ¢d N-G6-4-6201-06-Ne

SOdN4 N-G6-d-LEC1-06"Ne
4311 N4 | N-G6-H-€€L 1-06-Ne°
1VOSIN N-G6-0-CVCl-G6-N*

SPSSN ddH1N pPeieled

- sallojeloge JaYl0 YHAN @oeu8u| -

bunsa] dooT-ay|-uj-uepy Hoddng -
sjuswalinses|\ buidno) -

IN/A 000°08 03 IN/A 000°C - S|eAe7 piald Yeed -
N/ 00% O} /A OL - s|oAaT plald abelany -
ZHO 0¥ 01 ZHY 0| - @buey Aousnbai4 -

JuswiuoJIAug oneubewolos|g
‘Pa||0JIU0D B Ul SWaISAS Jequio) 8jeaS-|iN4 JO uoneulwn||| «

EEN




jdd swwepnwesyuasasdyuiwpe\:| . ) 66/L2/Y

Buipund (di3L0) JuswisaAul 31 [eAU8D AOQ ensind

0S X €Ll X 221 ‘lesodold eonyoenH Lo —
| S1S0D
ubiseq puy awi] aAeg 0] poy3 ubisag Awly }sed osn -

~ (Aypoed 3991 Juswuoliaug jequio)

1Y) Ajjioed 1se] wesAg pajjeisu| buysix3 ol |jeisuf —
JOAlY juexnied
AVOMVN IV Ajjioed i8] Jequey) pallsS-opolN abie .




jdd-swwespwesyuasaidyuiwpey:| 66/L21%

JUSWUOJIAUT

PS]|0JJUO0D) ¥ UIYUAA SOWN|OA 1se] ablieT
JO uonjeuiwn|jj 44 8y} 104 spial4 o139l
|IoAST-UBIH ‘esuslu| JO UOI}eIauoaxr) Juaioiyg
sHwlad YOIYAA dinsojoug papfelys obie v

NOILdI¥OS3d
ALI'IOVd SININEL




v¥y96-Nv

H3AI303Y
JON3IH3434

1dd’swwanwesyuasasdyuiupey:(

1
I
|
l

e ——————————

43YYILS AAON

HOLOW

HOLINOW
IONVYWHOAYId
WILSAS 43L19X3
4y
IIIIIIIII et MG GEMMSS IEEEE ENSEEE EDVNEE EEUUWE SEEEDY S IIII-IIJ
_
_
_
_
|
_
\ 31V1d _
W3Ll LS3L W3l _
\ _
YayyiLls 3A0OW "
IYNSOTONI _
a3a13iHs / _

- SMIdOM LI MOH

YIAGINVHD SININTL

HOLONW

e6/L2/v




Ea.mEEw;EmﬂE asasdyuiwpey:| 66/L2/v

HILS-3AON - OIOHOANY | 400dLno

LU
{1~} SNOILISOd YNNINY)

S LS

NOILYNINNTTI 40 NOSINYdINOD
JIOHD3INV SNSYUIA SNNTL




1dd swwanwesyiuasaidyuiwipey|

66/L21Y




1dd swwapwesyuasaidyunupey:[

66/L2/Y

SAlLNIgvdv 1S3l
>._._..=0<u_ 1S31 INILSAS A3TIVLSNI




1dd swwapwesyussasdyuipey:( 66/L2IV

}s9] swalsAg uonejhwis doom uonijelnwig - uoljejnwis
pajjelsuj i -ayj-ul-alempieH doo-ayj-ui-uep alepiepn B
Jebuey
Pa3pldlys
I
Jaqueyd %

ojoyosuy . youeg

STREE T

1SNI 2 T0H1NOD . v

V1VQ V19 é HIANVIVHIVM
isd >

FEN1LO31LIHOHY
41SI




dd swwapwesyuasasdiujwpey:|
¥ nwuesy duiwpey:| . 66/L2/Y

(ays Jaqwieyn dioyoauy abie jeulbuQ st uoijeso) sjejdwo) sejdwes |I0S pue v -
| 8€5-d NOOTIIN -
(AneN) uoneoso
sjuswanoldw] ABojouyoa] Joy ubisaq [eulbliO malnay 0} HigS peasosuodg >>mz -
%G9 e ubisaQ |eulbuQ -
(Awy) Ajioe
pajewns3 AjleuibuQ ueyy JeybiH ssiousiows -
Bunelajljold Ajpidey pue ainjey Abojouyosa] J3S-9poi\ -
ABojouyos] paiepliepning 8]edS %01 ddaney-INT L Awly -
Abojouyos |

SNLVLS SININAL




1dd swiwapwes\juasasdiuiwpey:| 66/.2I

wesboid AneN/Awly julor

;m>_m_ Xed 1e ain}oa)iyoly 41 SH bunsixg oju| ajeibau|

ubisaq gianay 3L s Awly uo peseg

walsAg uodeap) ajeos ablieT
bunss] 10 m_nmamo Ajioe 4 1g-epojN obie y buisodold

1001 1S9 ¢J 9AIOAYT 1SOD SAPIAOI ANjoB ] JIIS-OPON -

AdVINIANS




